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Fig.1 Diagrams of measuring point locations of water chiller

Tab.1 Total effective values of frequency spectrum of

F1 RAKRNAMELSARE

water chiller

il i N AT 3/ (mes ?)
0~12 kHz 0~10 kHz
1#1 5.462 57 3.301 95
12 5.586 49 2.925 26
1#3 3.113 80 2.554 69
4#1 5.51576 3.308 58
4#2 5.991 55 3.291 86
443 4.882 16 2.725 88
5%1 3.010 24 1.693 46
5%2 3.650 67 2.013 36
5%#3 2.800 56 1.231 17
6%1 2.485 56 1.497 05
652 2.690 82 1.870 55
6%3 3.028 83 1.041 10
7#1 1.659 41 1.249 52
752 1.34179 0.886 67
73 0.838 56 0.723 56
8%1 0.649 89 0.540 70
852 0.676 67 0.527 03
83 1.077 99 0.719 94
9%1 0.565 25 0.403 55
9%2 0.653 02 0.596 84
9%3 1.087 16 0.720 53
10#1 0.413 94 0.384 92
10#2 0.758 19 0.492 63
10#3 0.596 54 0.420 65
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Fig.2 Dynamic response curves of compressor foot measur-

ing points
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Fig.3 Dynamic response curves of the raft
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Fig.4 Vibration transmission path of water chiller
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Tab.2 Compressor modal frequencies

A B 5k 1 2 3 4 5 6

Wi /Hz 514 173.8 334.4 479.2 509.5 525.3

TGRS (RS TGRS HLES
3.9839
35412
3.0986
2.6559

(a) SE1BY (b) 528
(a) The first-order (b) The second-order
Tl AR

6.6785 S
5.9365 %E;ﬁ;‘ﬁ;ﬁ{ifz
5.1944 52819
44523 46217
3.7103 39614
2.9682 33012
22262 2.6400
1.4841 19807
0.7420 1.3205
9 06602
0
(c) ZB3FY (d) EH4BY
(c) The third-order (d) The fourth-order
Tei 4R LR TR
13.401 14.963
11912 13.301
10.423 11.638
8.9338 9.9754
7.4448 8.3128
5.9559 6.6503
4.4669 4.9877
29779 3.3251
1.4890 1.6626
0
(e) 5E5BY (f) E6BY

(e) The fifth-order (f) The sixth-order
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Fig.5 Shape diagrams of compressor modal
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Tab.3 Raft modal frequencies

AR B 4k 1 2 3 4 5 6

% /Hz  136.1  196.7 199.1 241.9 262.3 323.4

TGRSR TRAVAX RS

3.8531 3.8428
3.4250 3.4158
2.9969 2.9888
2.5697 2.5618
2.1406 2.1349
1.7125 1.7079
1.2864 1.2009

3.4201 (a) %lm g.4270 (b) %ZKJ/I\
(a) The first-order (b) The second-order

TGRS TGRS
3.8412 3.9848
34144 3.5420
2.9876 3.0993
2.5603 2.6565
2.1340 22138
1.2804 17710
1.2072 1.3283
0.8536 0.8355
0.4268 8.4428
0
(c) 53k (d) ZE4By
(c) The third-order (d) The fourth-order
TR FRAI LA
3.4720 7.0323
3.0862 6.2569
2.7004 5.4696
2.3146 4.6096
2.2138 3.9018
1.9289 3. L2558
1.3283 2.3441
1.1573 1.5627
33958 0.7814
0
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(e) The fifth-order (f) The sixth-order
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Fig.6 Shape diagrams of raft modal
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Fig.7 Discrete element model of damping particles for water

chillers
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Fig.8 Layout scheme of chiller particle damper
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Tab.4 Force chains of different particles under different

frequencies
Wi /Hz  fRELRLF/N BRELRLF/N B3R+ /N
300 1.168 2 2.7637 1.030 8
386 0.907 4 2.0531 2.156 8

& 10 g A [] B4 B3 1 L - 3 %, 78 5% 43 300 Hz
I, B9 L1 (19 7 BEAR T 40 SR A BRIk 1 AR, 2
BT 22 386 Hz I, 55 3 60 1~ 14 77 55 B8 R, 15 WA
CURGER S TR R O S U N YA Rl 11 U DU B KA
T BER MR S A A R .

1k /N JiiE /N
7.56x107 7.86x107
5.13x10° 6.13x10°
4.32x107 4.72x10"
3.42x107 3.34x10°
1.53x107 1.55x107
1.11x107 1.02x107
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(a) Aluminum particles (b) Iron particles
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Fig.10 Force chains of different material particles
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Fig.11 Energy consumptions of different particles under dif-
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Fig.12 Diagram of damper particle size
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Tab.5 Compressor foot under rated wording condition

IR B0 8 A A/

. & Bl B 9 /dB (s
a1 s 2 A1 A2
FIMFERE  130.23 128.99 3.25 2.82
ZAMLERE  125.56 123.89 1.90 1.56
—+ ¥, W, bt 4.67 5.10 0.42 0.45
RS RN HHRA
F15 Bl A x6 EHNVNHMTFHREIR
Fig.15 Onr-site test diagram Tab.6 Complete machine foot under rated wording
5359045 T 25 BB 15 BB % 4 B 2 4 conditon
P B0 Jon 9 A A/
T DI A R AR A A R A FLALIAD A ) A A fr Sl hk 2 9 /dB (mes?)
1500 65 2, B HLAIL L AL I A 2 0 o5 3 5 o 4. W 3 4 3 W A 4
16 M BHJE 5 & e B, BARFE bR T . RIBLEEE 12119 119.04 1.15 0.90
1) & .00 (G745 % 386 Hz) T, 4 AILAL RS H 11091 110.74 0.35 0.34
TR 10~10 000 Hz 5 4 [ Py 98 30k g e 1028 830 08 056
P4 dB DLE o SEDLOLINAL ST ST RIRABE o i i 5000 o 9 7.9 8 40 300 TR 45 LL
fik8 dB LA L. e s LWL D T 1 T80 A4 B0 0 E % 5 4 B

2) fIGEE T8 G2 A7 % R 300 Hz) T, FE 4R ALBL SRR G E . ETT L B kWL T
I Ak B AR AT 4 dB LA b, B HLAL A Ak 3 A R 1K 6 dB 386 Hz [ & & T 42 17 i, Fe 48 HLAIL I &5 1 5 90
DLk S5 2 B 24 080 Ry 4.89 d B, iR B i FE 2% SF- 49 98 i
53 43.5% i A R B LU 4 3 5
I A5 4 S 24 98018 R 9.29 dB, 4% 3 in 3 3 9% 1) ek i
AR 65.5% , M R AR 2K o AL L) 300 Hz A
BT LB ATHE, FRAEHLALII 25 1 500 45 2 /97 3408
R A 4.74 dB, Hik 3h 0 R T 30800 A A LR

4159 B 4R R 5 S HLALII 5 3 55 000 4 4 F
. imyn | et
b AT £7 EHNABFREIR
(a) E4atLFHe s Tab.7 Compressor foot under low speed condition
(a) Compressor damper — —
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vibration reduction
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